Here, we describe the aim and the result of Turing's study briefly. This information is enough to give the rough image of the RD model to the biologists who are not familiar to the theoretical models, but not enough for accurate understanding of the theory. For the details of the mathematical analysis of the theory, please refer the original paper of Here, x and y are the local concentration of ligands U and V at each position. F and G are the functions governing the production rates. d u and d v are the degradation rates.
Replacing F and G by following linear function, we get the partial differential equation identical to that of Turing's original paper.
He solved this differential equation, and found that this system can take several interesting dynamic states (figure 3) depending on the values of the parameter. is kept high at the end of the field, the resulting pattern becomes a gradient of a single peak. This is identical to that of morphogen gradient model.
The most important finding of the Turing's study is that this simple system can develop the spatial pattern. This behavior of the system is apparently against our intuition. To explain why such strange phenomenon occurs in this system, a fully mathematical explanation is required. But, with following narrative explanation, it is possible to get the rough image of it. The key is that the difference of the diffusion constant of activator (u) and inhibitor (v). Graph1 shows the initial condition of the system. Suppose that the concentration of the activator is relatively higher than in other regions by random fluctuation. By the self-enhancing property of the activator, the concentration of activator increases at the center region (graph2), followed by the increase of inhibitor at the neighboring region A.
As the diffusion rate of inhibitor is much larger than that of the activator, substantial amounts of inhibitor move toward the lateral regions. This depresses the activator function, resulting in the decrease of the activator concentration there (graph3).
Decrease of activator causes the decrease of inhibitor in the wider region (graph4). At the region B, as inhibitor concentration is gotten lower, activator becomes relatively dominant than inhibitor. This situation is enough to start the local self activation at region B (graph5).
This process is visible with the simulator provided as the supplemental material 2.
Computer simulation is one of the best ways to gain insight into the pattern-generating power of the Turing mechanism.
1-2) Intuitive explanation Turing instability (diffusion-driven instability) from mathematical point of view
Here we give a very intuitive explanation of Turing instability (diffusion-driven instability) from mathematical point of view. For full detail of the analysis, the reader should consult Murray (2003) . λ is dependent on k and other parameters. The relationship between λ and k is called dispersion relation (Fig. S5c) . In some parameter range, dispersion relation becomes vault-like form, and λ is positive only in certain small region of k. When this happens, only wavenumber component within the region grows exponentially, resulting in the formation of periodic structure (Fig. S5d) .
This analysis only deals with very onset of pattern formation. With this linear reaction term, the amplitude of unstable wavenumber becomes infinitely large as time goes by. 
1-3) Guide to the RD model simulator and the Mathematical information related to the simulation
A RD simulator that can run on many different platforms is provided as supplemental material 2.
To get started:
1. By double clicking the file named "simRD", you see the window shown below.
2. Select one of the parameter set.
3. You can change parameters, dimension of the field and initial conditions, and can save the resulting patterns to make a movie. Set the parameter and initial conditions, then click "start" button to see the beautiful patterns develop.
You may distribute this software to anyone who wants to play. If you have any question about this software please e-mail to following address.
skondo@fbs.osaka-u.ac.jp
Followings are the important information about the parameters and resulting pattern. a) Quantitative "Local activation and long range inhibition" scheme does not always
give the Turing pattern. It is known that the parameter range must satisfy
for Turing instability (Murray, 2003) . To satisfy this condition, ratio of diffusion
A simple method to find the parameters generating the Turing pattern is as follows.
1) Set the diffusion rate of u and v (
2) Find a parameter-set that gives rise to oscillation. low concentration region. So we recommend that these parameters left to be as it is until the player gets accustomed to numeral simulations.
